In the SUSY SU(5) GUT with the right-handed neutrinos, the neutrino Yukawa coupling induces the flavor-violating mass terms for the right-handed down squarks and left-handed sleptons, and they lead to imprint on the flavor physics in the hadronic and leptonic sectors. In this paper we study CP violation in B 0 d and B 0 s , which is induced by the tau-neutrino Yukawa coupling. In particular, we notice the correlation of the CP asymmetries in B 0 d → φK s (S φKs ) and B 0 s → J/ψφ (S J/ψφ ) with other observables, such as Br(τ → µγ), the muon EDM (d µ ), and the mixinginduced CP asymmetry in B 0 d → M 0 s γ (A bsg ), since they have a common origin of the CP and flavor violation. The measurements are expected to play a significant role for consistency check of the SUSY SU(5) GUT. The hierarchical right-handed neutrino masses make the correlation better. We find that the current bound on Br(τ → µγ) constrains the allowed region for S φKs in this model.
The Cabibbo-Kobayashi-Maskawa (CKM) paradigm works well to explain the observed flavor-and CP-violating processes in the hadronic sector. It has passed the non-trivial tests using K and B mesons. The recent observations for sin 2β in the Belle [1] and Babar [2] are consistent with other processes, such as the K 0 -K 0 mixing, and the unitarity triangle looks close in the ρ-η plane. The CKM dominance in the flavor-and CP-violating processes in the hadronic sector is almost established now. However, still
there are rooms open to the new physics, and the clue may be found in the B factories or the hadron colliders in near future.
The neutrino-oscillation experiments [3] [4] [5] show that the lepton sector has large flavor violation, contrary to the quark sector in the standard model (SM). In the supersymmetric SU(5) grand unified model (SUSY SU(5) GUT), the neutrino sector supplies a new source of the flavor and CP violation in the hadron physics [6] [7] [8] [9] [10] [11] , when the SUSY breaking terms in the minimal SUSY SM (MSSM) are generated above the GUT scale. In the supersymmetric seesaw model [12] the flavor violation in the neutrino sector may lead to charged lepton-flavor violating processes, such as µ → eγ or τ → µγ This may lead to the sizable effects to the K and B meson systems. In particular, if the tau-neutrino Yukawa coupling is of the order of one, similar to the top-quark one, the b-s transition in the right-handed current is important since the the atmosphericneutrino result suggests the large mixing angle between the second and third generations.
Recently, it is announced that the CP asymmetry in B 0 d → φK s is 2.7σ deviated from one in B 0 d → J/ψK s in Belle and Barbar [17] . The b → sss transition is sensitive to the new physics since it is induced at one-loop level [18] . Thus, the deviation might be a signature of the effect of the neutrino Yukawa coupling [11] [19] .
In this paper we study CP violation in transition between the second and third generations in the hadronic sector, which is induced by the tau-neutrino Yukawa coupling in the SUSY SU(5) GUT. In particular, we notice the correlation of the CP asymmetries in First, we review the SUSY SU(5) GUT with right-handed neutrinos from a viewpoint of the flavor physics. The Yukawa coupling for quarks and leptons and the Majorana mass for the right-handed neutrinos in this model is given as
where Ψ and Φ are 10-and5-dimensional multiplets, respectively, and N is the righthanded neutrinos. H (H) is 5-(5-) dimensional Higgs multiplets.
After removing the unphysical degrees of freedom, the Yukawa coupling constants and Majorana masses in Eq. (1) are given as follows,
where i ϕ f i = 0 (f = u, d, ν). Each unitary matrices U, V , and W have only a phase.
Here, ϕ u and ϕ d are CP violating phases inherent in the SUSY SU (5) GUT. The unitary matrix V is the CKM matrix in the extension of the SM to the SUSY SU (5) GUT. When the Majorana mass matrix for the right-handed neutrinos is diagonal, U is the the MNS matrix, since the light-neutrino mass matrix is
where H f is a doublet Higgs in H. (1) is represent by the fields in the MSSM as follows,
Here, the superpotential in the MSSM with the right-handed neutrinos is
The flavor-violating interactions absent in the MSSM emerge in the SUSY SU(5) GUT due to existence of the colored-Higgs multiplets.
If the SUSY-breaking terms in the MSSM are generated by interactions above the colored-Higgs mass, such as in the supergravity, the sfermion mass terms may get sizable corrections by the colored-Higgs interactions. In this paper we assume the minimal supergravity scenario, that is, the scalar masses and the trilinear SUSY-breaking terms at the reduced Planck mass scale (M G ) are given universally by m 0 and A 0 , respectively. In this case, the flavor-violating SUSY-breaking mass terms at low energy are induced by the radiative correction, and they are approximately given as
where i = j. Here, M GU T and M SU SY are the GUT scale and the SUSY-breaking scale in the MSSM, respectively. In the MSSM with the right-handed neutrinos, the flavorviolating structures appear only in the left-handed squark and left-handed slepton mass matrices. On the other hand, in the SUSY SU (5) GUT, other sfermions may also have sizable flavor violation. In particular, the CP violating phases inherent in the SUSY SU (5) GUT appear in (m ) [6] .
In this paper we assume the minimal structure for the Yukawa coupling constants given in Eq. (1). The b/τ mass ratio may be explained by it while the down-type quark and charged lepton masses in the first and second generations are not compatible. The modification of the Yukawa sector, such as introduction of the higher-dimensional operators, the vector-like matters, or the complicate Higgs structure, may change the low-energy prediction for the flavor violation, especially, between the first and second generations.
On the other hand, we concentrate on the transition between the second and third generations in this paper. We assume that the Yukawa coupling constants, including the neutrino one, are hierarchical, and that the extra interaction gives negligible contribution to the transition between the second and third generations.
The neutrino-induced off-diagonal terms for the sfermion masses are (m 23 . The nontrivial structure in the right-handed neutrino mass matrix may dilute the correlation as in Eq. (9) . However, if the right-handed neutrino masses are hierarchical, the correlation is expected to be good, as will be shown.
We use two-generation model for simplicity [22] , ignoring the first generation. Here, we adopt the parameterization for the neutrino sector by Casas and Ibarra [16] . In this parametrization the neutrino sector can be parametrized by the left-handed (m ν i ) and right-handed neutrino masses (M i ), the MNS matrix with the Majorana phases (X), and a complex orthogonal matrix (R) as
Using this formula, (m
assuming a maximal mixing for the atmospheric neutrino. φ M is the Majorana phase for the light neutrinos. If the right-handed neutrino masses are hierarchical (M 3 ≫ M 2 ), the correlation is good as
Now we showed that (m 
The reason is following. First, the assumption 1) is for simplicity. Second, (m 12 , which are enlarged by the large solar-neutrino angle. In some cases, these constraints are so severe to the SUSY GUT with right-handed neutrinos. Third, U is the MNS matrix on the assumption 3), and this is also for simplicity. In principle, the non-trivial structure in the right-handed neutrino mass matrix, which means R = 1 in Eq. (10) 
Here, we use the seesaw formula for the tau-neutrino mass m ντ . These observables are correlated with each other up to the CP phase e
Since the imaginary part of U 32 U ⋆ 33 is suppressed due to small U 13 , the muon EDM is also correlated with the deviation S φKs and S J/ψφ , more directly. 4 First, let us explain qualitative behavior of S φKs in the SUSY GUT with the righthanded neutrinos, and show the correlation with Br(τ → µγ) and d µ . This is given as
where
Here, the ratio
The explicit formula for the SM and SUSY contributions are given in Ref. [11] . 3 When the M N < ∼ 10 13 GeV, the tau-neutrino Yukawa coupling is too small and Br(τ → µγ) is induced by (m 2 E ) 23 since it is suppressed by small CKM elements V 32 [23] . 4 Even in the MSSM with the right-handed neutrinos, the non-degeneracy of the right-handed neutrino masses generates the muon EDM [25] . However, it is proportional to M 2 M 3 log(M 3 /M 2 ), and the hierarchical right-handed neutrino masses suppress the effect. 
and we take κ DM = −1.1 [11] , which is the value in the heavy-quark effective theory. The deviation is maximized when mg is lighter and m 0 is comparable to mg. While larger tan β H enhances the deviation of S φKs from the SM prediction (∼ 0.7), it is bounded by the constraint from Br(τ → µγ). The current bound on Br(τ → µγ) is 5 × 10 −7 by the Belle experiment [26] . The Belle experiment is expected to obtain about 300 fb −1 data two year after, and the bound for Br(τ → µγ) is expected to be improved to be 6×10 −8 . Also, if the super B factory starts, it can reach to 2 × 10 −8 . Therefore, search for τ → µγ combined with measurement of S φKs is expected to play an important role for consistency check of the SUSY SU (5) GUT with the right-handed neutrinos.
As mentioned above, the muon EDM is also strongly correlated with S φKs . In Fig. (3) we show d µ and S φKs for tan β H = 10 and 30 and 200 GeV< m 0 <1 TeV and 400 GeV< mg <1 TeV. The other parameters are the same as in Fig. (1) . The constraint from τ → µγ is imposed in addition to ones from b → sγ and the light-Higgs mass. From this figure, the sizable deviation of S φKs means d µ ∼ 10 −(24−25) ecm, which might be accessible in the future muon EDM measurement [27] .
The mixing-induced CP asymmetry (A bsg ) in B 0 d → M s γ has also a correlation with S φKs since the process is induced by the electromagnetic dipole operators and it is also sensitive to tan β H . The CP asymmetry comes from the interference with the electromagnetic dipole operators for the right-handed c 7 and left-handed bottom quark c
While c 7 , and A bsg may be sizable in the SUSY SU(5) GUT with the right-handed neutrino [8] [9] . The explicit formula is found in Ref. [9] . The correlation between A bsg and S φK S is not necessary for consistency check of the SUSY SU(5) GUT with the right-handed neutrinos, however, it is important to prove the origin of the CP and flavor violation, that is (m 2 D ) 23 .
In Fig (4) , we show A bsg and S φK S for tan β H = 10 and 30. The other parameters are the same as in Fig. (3) . When S φK S has the sizable deviation from the SM prediction, A bsg is non-negligible. In the region where A bsg is positive, the sign of c 7 is opposite to the SM prediction due the the SUSY contribution.
Finally, we discuss the CP asymmetry in B 0 s → J/ψφ. The asymmetry S J/ψφ is given as
Here, the ratio q s /p s is for the B 0 s -B 0 s mixing. Since the transition b → ccs is dominated by the tree-level contribution, the CP asymmetry is almost determined by the mixinginduced one of B 0 s . However, it is tiny in the SM (∼ −0.03) since the members of the processes are only two generations [29] . Thus, the new physics contribution may dominate it [30] . In particular, (5) GUT with the right-handed neutrinos. These observables have a common origin in this model, which is induced by the tau-neutrino Yukawa coupling, so that they are correlated. The correlation is better when the righthanded neutrino masses are hierarchical. S φKs has a strong correlation with Br(τ → µγ), d µ , and A bsg for large tan β H . The measurements for the CP and flavor violation in both hadronic and leptonic sectors are important for consistency check of the SUSY SU (5) GUT with the right-handed neutrinos. 14 , 5 × 10 14 , and 10 15 GeV. tan β H is 10 and 30. Other parameters are the same as in Fig. (2) .
